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<Ku (») T^^. umiii summoT'juxo 

mmm 2 5 ] MiBm i ^ii;b^#^^^^7?^ u . ^ ltmibh 2^^#- 

[11^112 63 mmm^mm(DKBmfim9Q%ix±T&v. ^Lnm 

#«®?L+t>f X3tr3 8 MmiX±T^^. lMIi2 5 tclBMcOxM-fXo 
LTmm^W^Xi5<m^ 25^mt^ SOpmiiOP^T^S. 11^1125-2 7 

mmm2 n mm'^mm^<7n~/K-mm^t^. mmmi 5-28 
mM2 5'^2 7(oi^tnmzmm(D9^/uxo 
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itmm 3 2 ] MIB#«6^ 5 5 e lc#C>. mmW 3 1 1CIBK 

mmm 3 3 1 mi b^#m w i : 1 0hb^-<7>^is° u (%m- n - ^ u □ - 

t?s tliKlI 2 5-34 c7)l^•rtl3bHCiHtg(DxV W Xo 

[li^}^iI3 6] ijE#^7m^t>\ l5?#«A^S#Mii^<!:> 8 5 %5b-e 6 
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^e>iznm^s mmm4 9izmmmmo 

riiOT 5 9] -(>\d\'n'emmmmm\>zm^Rm\zwm^mmi.. 
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X. ^Lm^L<fid:U>*C^L\ W^X (Hu I be r t6. 1 970 ; K 
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nn i 1 9 9 2) -iS ^XJ S Q %^mX^limmf5\ #ff^ltmiCJ:^+¥ 
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Mmmtci^(D\.^<-ot^mt^fm^^s'^tiTi-^^o ':mm^w>s, no. 30 
mm-^i5m-^mm'^. e:£D^hu<:^x^*. ^m^t\.x[ts mmmm^-^m 

etc. Mz^n§e:<k*¥;TMi^tt^Ma)m»cM^^:^ ( 

wvMf. mim^m-) ^at,. 3icii#rFm5, 2 7 0, soo^tt. mz. m. 
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\t^m\m^m^t3. ^mmmmt.\.x\x. wmmLm^T-^ (tgf 

jtfE^FX-/\^-7 7 5U-CDp<>y^-- (H^^J?^m^>/\'<:'M (BMP) 

ckri^-ryxu^^mm®^ (igf) ^^t?) **cD5^HF3^,^p^f6tl^. 

[0 0 13] 
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momm^^mmmi^ (sff) mt. (sla) . m 

ITOU-tf-MSS (S L S) . Wmm^mm^ii (ballistic part 
i c I e m a n u f a c t u r i n g : B M P) . fecfcOB^ii^^ x U 
(fusion deposition m o d e I i n g : F D M) ^^tSo 

^(DT'/uxits m-ommyn-txicioi^Tmm-^nm^o cnitcku. mm 
(DT/uxt)^±m^mmmmm^tim. mm (seam) j m-^t. 
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m^it'jymt})\yz^oix) cDafe^^ia^)%m*n^o Ey^D^mi^i^fef^T. ^ 
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[0 0 3 6] 
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[0 0 3 7] 
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5^h» (PCD . .1<UM7Ktls #U7U-U-h (po I y a r y I a 
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[0 0 3 9] 

<KUIl^/#U^'UZl-/bM (PLA/PLGA) *°U^-:&#fflfi.fiJ*^C 



(23) 



#^2 002-5 2 7 1 4 4 



7 5 : 2 Sit. Wmi:mmici^mt^ (4-5 >r^) i5\ D, L-PLGA 
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. vymE.fjibzyyh (tcp) . vymtniyy^u. mmtuvyou. tju^ 

h U ^XA^^^tl^o rl3|g*nTt^^*^iN-tc{*. ProOsteon 5 00 
(Interpore !nternationaj)s BoneSource 
(O r t h o f I x) i^JitfO ST EOSET (Wright A/led ical 
Technology) > Grafton GeK Fiex. fecfclf P u t 
t y (O s t e d t e c h) ^ fcd:t>'C ol lagraft (Zi mm e r ) ts^ 

[0 0 4 1] 

'mz^-Drm^T^^iitT^^^o #ux^u>:t=^it'r k (peo) t*. iKm 
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jU7.mzmm^nm. ^mt. TJHxcommiz.mf^mmmm. mm. mm 

0 ~mmz^yji^mi5<^xf^y^\'\ t^^j+rytj^j h\ mm. mm. ^ 
i^mtm y/i^^mmmt-^m^mmmit^m^^Si.^ mmimizmR L>fe 

m^mu Tctm. mmm=^. ^im^. xxP<K7h;b^x '^^ht}-(y 
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[0 0 4 7] 

sfcti. bti^y^tc^mommm^r^mmmim^ ms'itus^ 

^iiMBS±iM@^ (bFGF) . h^VX^-S^^W®-?^ (TGF-i8 
) . ^MliOT^ (NGF) . <>XU>aii5i@?-l (I GF-1) . j5gm 
.tv;l/€> (GH) s ii5iM}f§m (MSA) . ^#^3^0? (CDF) . mM 

mmyj'^^pn (bmp) ^tdmmmm'f. mmmmmi' {yy^jtT. 

[0048] 

izMmtm^. 

[0 0 4 9] 

±mizmRLrc:mmm^mrcmmmmm^^:j- ki-^jHsw^j. sftt* 
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-^m. Bit. m^. ^Tcim^mmmtsiyjTm^mmLzm.i'imiiLm^ipi 

[00 5 1] 

(c. x/Kx^Mitr^:^;© 

d free-form fabrication) (SFF) TS^o S F F 

mts 7^jyhMno)mm^mit^-\t^iitiz^->T. mmm (bu i i a p 
lane) m(Dmm^mmmizpmt^rMzi$m~irim^o sff}^^*. 
0*';^-itM*4s mmMm^xx}mmni:(Dmmimm-^n. ^^-^f (ca 
D) ^mmLTs mmcomms mm^^t^mm^-^tm^^f^mLn^. zin 

F^u^T. mmts 3 DP) ^itLTWMttm^z.t^mmt^o 

[0 0 5 2] 

3DP{i. m^^mmu ^{^zm-^^-j ^±.\zj%-(y^^-^'m-^^:hyu 

-teX^^^f EMii-y'} y=r4 y^\t. Sachs 8. rcAD-Cast 
I n g : D i r e c t Fabrication of Ceramic S h 
ells and Cores by Three — dime ntional 
PrintingiManufacturing Review 5 (2)^ 1 
1 7-1 2 6 (1 9 9 2) *5j:t>ai^ll4tfF^5, 2 0 4, 0 5 5# (SinS^i^J 
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LXii-^ jII^vx y hyk (continuous jet stream) Zf^J 
> h^'y Hfccfc0KD*y7°?J->x>r> F (drop-on-demand) (D 

OD) zf'jyh^^y^^-^^t^mtiommtsmfsn^o sopt*. cimae 
izMt^^^mm^ws, 400, 9 eims^umns, sis, eso^ 
ti^omm^t. :^mmmmzm^tLzmm^n^) ^mm-^n^^^oiz. mm 
r/uxtLTommorc&bo^f'^^o^mim^ (b i oe r od i b i e) 

[0 0 5 3] 

^, 2kHz ^7:(Dmm.mi:m=it^mh<Dv\^y4 i^iKiiy^mmt^ 

[0 0 5 4] 

mitisi^r. mm m^i ^^tf mm^^ it. i^^^mizmm-^n^o #Mti 
mLi^mmmmiztii^T. ^mmm^kfxhy^. zy^y^-p^izimmf. 

[0 0 5 5] 
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mmm±t^o z.m^kfxbyio^x}zyvy¥--(ommit^rcs -isw^/x 
^9'y<f^izim^n^mm(ok^xhy/i^vy'^-t-smm^tim.^ 

1 . p-g y<^/mmmm^mt^m i oymmm^zyv y^-mmt^ ; 

3. n-^-^imu mM^mi^Knmt^^ ; 

4. lij^ex hymmmm^mr-^M^ ; 

[0056] 

c:a>ii)^m(7):;^5£tt, ^mmzmm-^nm^t\ i^r^t^^izmiti^nm 

le^-cJK^ji-VXx/x mmf. r5>y h/tx~'J>^^ (r a t h G i i ng) J 

. -^^^r^imx<7 0n.~o%m/mt (empty i ng) . ^xummm^ 

(D^mm^^o r^'XxYV^^ (dus t I ng) J ) ic^ill-^Ppm*. +5iM 

(7)x:7.;i/=^-/-5t:&#A LT. ^y<7ij?^yhm^xmm^nmt^oyx\ mm 
-^-no^y^it^tt. m^j^L-^mrsT-^yy^o tLrm$i-^nm. :^^m 
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[0 0 5 7] 

a ^Miz-Di^To^^it. ^©^5^0)+^ K (CAD) mwitt^mmmizmm^ 
n^o y'^jyh-^n^'^^mmits mm.0W'mtMmmcocADm7rst(Dmco^ 

^rcitm^mmLx. ^:k7imm^Bmt^o m^^nr^i^mmts ^tommi^^ 

y^^oy^jmzm^-^n^. 

[0 0 5 8] 

±iz/uy^- mm 2 4^}mLs tLTBmt:xhy2 6^. ^-dcdmo 

^tJi+^YXtt. Emi^5 0~^5 0 0 5^P>T^U. ^LTcfcUfii^S^^Cl*. 
[0 0 5 9] 

3DPg!?p°a0li^tt. I^*'^'^ \'±{zm^o)jX-cy^^'-~(Dmm^-:fvy^^y 

y bit. ^^PliaiS^^^iw (m i c r o s t r u c t u r a I p r i m i t 

ive) <ti^{*n^o z0m:$imiTO)^mt. z.a)z^ammt}mtitim^m 
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(0^}tits^nmiM.'y-fym^tc^jiz7^jy7'^y<7'^ti^/wy^-(Dmizim 

t^o 1 . 1 c c /^omt?^ f- Uyo)^ y^ y X -y h }5t#;b\ 4 5 - 7 5 5 
tcoTS" /fp7:'yX^~-itt^<kDiznt>ri^m^. SOOS^nVlifO^Y 

t i^vimizm-^^nm^ntcmm^mt^mmo^^^ 3 t-s^o 

[0 0 6 0] 

tmrnit. ±iB<b^i;^#TT2oo5^p>©5Yv^^)fr«o dcymi'^Ji 

CO 0 6 1] 

^hu^x0^^. ■^e>rs:^miti}<Bmttn^ti^mHzmt>^t\ mi^^m^ 

[0 0 6 2] 

mmnmmmit. 3 DPiz^^7iiv^-midco^miztsi-Tmmrs:m^T&^ 
. mm(ommzmmr^m,mtt. y^jy^-^y^isn^Mi^^om^di- (wa r p i 
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lUh^ ■7')yf--(y'7t^zt\t^'D Twrntsti^ *° u ^ ^ h > ( p c l 

[0063] 
[0 0 64] 

^mMt^. (aggressive solvent) tt. 

mmt^o ^bic. kmm±^rsm^^t. mmjuy^-^iuu^u- htm 

[0 0 6 5] 
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[0 0 6 61 

coT^mmmatLZo m^m'Mz^l^T. ^(Dmmmm. mL<it. 

[0 0 6 7] 

m^) its mmmiD^^oymm^izujm^zimi-^m^izmmz^^o ^^^t. z. 

[0 0 6 8] 
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[0 0 6 9] 

WlW^^^MWMi^ (solid free-form fabricatio 

n : SF F) isymmm-crit. ^mmmmzmmo^/ux^fFrnt^tcisb 

7-1-™ (s t e r e o ~ I i t h o g r a p h y : S L A) . 51IRS^U~+f^--M 
(selective laser sinter ing;SLS)s WMM 
(ballistic particle ma nufacturin 
g : B P M) . JScfctfM^iia^ xU y<f if us \ on d e p o s I t i o 
n mo d e I i n g : F DM) o 
[0 0 7 0] 

xxu:?t-uy^^^7i'--i*. Ms^.^'^^'^rcmn^ (uv) iy~-^-0mmiz 

[0 07 1] 
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[0 0 7 2] 

[0 0 7 3] 

[0 0 7 4] 
[0 0 7 5] 

mmm^ : ammt^tcisbcos^ffiTLy'jyf-^y^fmmmm) 
<03b^(Digp§T*t\ ^Lz^mmit. i^i-Dt^om^izit. mmmmmm 

mt^o 
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m 




m 


ox 




OK 




m 


m 


mmmm 


m 


m 


OK 


m 


m 


m 


W7m y- 


OK 


Ho 


Y€S 


No 


Ho 


No 



[0 0 7 9] 



(37) 



1^^2 0 02 -52 7 1 4 4 



[0 0 8 0] 

m'P2 Cm I CD7j<:&^C>N a ! g e n e # hibtclBmLfco ZCOt^hJl^^. iljl 
->x--':^~ 5 2 7, Lab — Line Environ, Mel ro 

s e Park, I L) 1 0 0 r pmfecfctfB 7°CH:TiBSLfco 7X€ 1 BtP^ 

i€':>i^r'mmm^mi^xmmLfzo Nac i ^j'^^tai^n/t^^. -fpit^^aiT^n^^ 

[008 1 3 
[0082] 

n^mt. c<D9JUX(D2'0(Dmmmmmmma)mzmmLrco mm^^ 

mmr^TMzmmm^mm-i^nrzmmTn. mMmi^m-:^ (9o%ix±) izl 

zmmraii^mwmmmm^miz^m u§^. ±n Lzi^rjii^nmrnm^m^pi^ 

[0 0 8 3] 



(38) 



t'j^mtti^^Wnwm. (bioresorbable) mAl:^^. #11 
[0 0 8 4] 

*°U (8-;t/:?^P^^h» (PCD 7}-vUT--<hLTffit^rco (B i r 
mingham Polymers, P^yhDQSISy. 2 0 0, OOOMW 

) t LT^mi-Dtc P C L L. ^ LT 1 5 0 ^ m*;iCDlu^+^-^ 

^V''i'XC06^^H (Amh erst Process Instruments, 
Amh e r s t, MA) ti. mtmmtimLT. ¥i£|+t<XAM 1 5±.2 m 

-rXcfcy^^jb^ofco 2:a)c:±t*s iiJ^>^p-izxcDf^cD:;*c€55:fs^0igiT^/Tsr 

[0 0 8 5] 

1 . 1 0 0 % P C L [< 1 5 0 ju m] ; 

2. 9 0% NaC I [1 2 5-^1 5 0/im] ,100% P C L [< 1 5 0 

^m] ; 

3. 9 0% NaC I [1 2 5~1 5 0^m] .5% PCL [<1 5 0^m 
] . 5% TCP [3 8-1 5 0 /urn] o 

[0 0 8 6] 

y^j y mm-mmj: p c Lmm^s^nmm^^^m^. mmmsumyn h p 



(39) 



002-5 27144 



[0 0 8 7] 

mmmm-mm^ p c l mmt. ^mm^i^y^mmmizmm lt tmm^ l < 

mmt^o 2-^(7)9 0% NaChi-^tlti. clCOypHzXTm^fcffeCOTKUx 
[0 0 8 81 

t>tt'XM-oTco mmtsiPCLmmt. mmtcomtitcf^^^m^mLtc. 90 
% N a c I m^m^m^t. m^^mo^mr^j ^T^-^y idr op prim 
i t i ve) ^^Dfco zoy^j^'r^yu. tm^m-^m-^^mLzisv. ^ 

LTHiJT^ofco 5% T CP'M'^mf^t^OZOy'J^T'^yU. i4>^<^^^ 
[0 0 89] 

[0 0 9 0] 

^^yU^-m^m^^-y F^ImrDCD'M-^izmmU ^LZ^^ant^iUhJi 
-f>^^~-5jS^. 1. 2m l/5JT^$itLtfco 0. 75m/ sctl. 5m/s<h<D 

(ba ! I i s t i c) ^m^<^mzi:3^9)}m^t. ^rco^^uyx-i- v^ii 
mz^mz^-DTc. mm^pcLm^^mi^zim^tircm'pcomit. ms4 8 

OjumT^U. ^LTft>«ca)^iM^16 7 0iLimTSofeo BO-^t-fXit. 9 0 
%NaC ITOc||LT}liE^tl#%*^ofc. :&€%e. cfcyjil^jI^T^T'UV 

[0 0 9 1} 

a)c^;-^{z:^^Lfco 2Omm:iacfc03mmila)y<n>3f)\ ^TcDl^^jl-^ISglic 



4ta2 0 0 2--5 2 7 1 4 4 



ULT. 0- 7 5m/s<h1. 5 m/ s i:MM]tfc.kl>7 5 /jm<fc 1 5 0 
[0 0 9 2] 

sm/ti7/-^-i*v Mi^^pCLij^5i5fccfctFi o%pcLmmzmLT^ 

2 5 c m/ s cfc If 1 0 0 ju m<DMP^IlT^fe U , ^ LT 5 0 % PC U^^ 

LT 1 0 0 c m / s ^mfe<fcT>^ 10 0m mc7)»1Pi7~^o/co P C 

m^^xjmm^tirc^^iz-:yi'^T±^r^m'^~~mL'?' oioomm) ^mm. 

[0 0 9 3] 

mLtco commmmmit. mo-^z:^ \^^m^m(D±icy^jyf-^y<7t:^ii 

(DiiiiCDii^. 9 0% NaC I : 1 0% P CLWt^^^mi^ZMi^LTco 

1 SOjumT^^Qfc. :/U>x^>^Bmi 25Gm/smU. ^LT^>P 

PTTxii/iA/Ky^-iHtiii* 1. 2m 1 /i^T^ofc, liSnfcilcDIflJti. 10 

cDiiiDfiii. 2 otDiiO!!i*5cfc0 3 oa)^0iicDM^c^ tr^ti^n^ o , 52m 

m. 0. 5 8mm*$d;0O. 7 9mmT2&^fi:^ iZOZtlt. v^'J^x-fV^^* 

nfe#ii[0^t^^j;0M<^P::^a)s 250 jum^ 290 pmtcDmoyizc^fiy^ 

[0 0 9 4] 



(41) 



#^20 0 2-5 2 7 1 4 4 



-mitM^LTcS'DOm^-.immPLGA CD, L-PLGA (85 : 15 

) ) . Vym~ti)VzyOh (CaP) fcJ;tFNaC lit. mUmiz^^ti^^9/W 
^tl(^>x.. CaPfc<fe0PLGA^. N a C I ^ffll^T=37'-te;l/ 

h-fbLfco N a c I ^mmimmu ^ltc a p^m-^-mmmzmM 

[0 0 9 5] 

e:<D#^{C»C 02^ 7 5 0-8 0 0 p s I (DKUtts^^-V^^m Ltco mm 

u^m Lm mnmmifi: 20 s c f h icr 1 o^p^BiiUT^imz!rn^ 

o^-^mizLTco miiimmoym. ^^nn^mc. ^urcicDT/ux^^mco 

mmt^o mnn-^m^fT. 1 4 0 0 p s \ (Dm±j±t}^mnLrc... -^yyju^ 
. 4Qx^v±iz-\ 0 i^^mmm u 10-20 scfh izz 

mMLtzo 

[0 0 9 6] 

llffiZ^n^D, L~PLGA (85 : 1 5) ttftlOtC. ZLH^Oymi^rji^mz. 



(42) 



#^20 0 2-5 2 7 1 4 4 



■^ntc. L-PLGA (8 5 : 1 5) ^iifflLT. mmoymots^j^-co^mo 
t^mmt^rMz^ m^-iznt^vymE.tjjUi^'^^u (caP) otm^ 

^ ThermoGravimetr i c Analysis (TGAjicJcoT 
;*:^Lfc„ ZOmncO^ O^-SOmg+ryyiV^JGAmm (Pe r k i n - E 
I me r, Se r I e s 7, No rwa I k, CT) [ZW^. "tLTSX/i^ 

X^yyim-^ommizmLtc. C a P^^:ot^T^D|gm^=]y'■fe/l/'^■~ hitC 

a p-PLGA+ryy}itimt^ztiz^'^T. ^v-y-fjuot^'j-^-mmm 

[0 0 9 7] 

mmm4 p LGA:2y't}v^~^t^e>a}^7'juxa)mm) 

t^V^-^^Z^Wm-^W^. UT03-:>comr^^MmzJ:'DTmWLtc: (1 

; (2) nzm^-mmy^Jy^-^y^^t^zt ; ^J:xj c 

[0 0 9 8] 

mn) 1 ~3mm(D^jN|ii(Dmsl<?)s B o e h r i n g e r - ! n g i e h e 
i mjb'^ScDvl^^U" I -a^ (PLLA. Mw=50, 0 0 0) fed:t>%tvU5<>^ 
K*-U-^^^UZIU K (PLGA, Mw~1 1 5, 0 0 0) 51/55/1/ (G I e 
n Mills, NJ) ^mi^Zim^TmmLtc, 5U>^^^-V>;\~^. 



(43) 



^^2 002-527144 



[0 0 9 9] 

V JSm#^. ±IBCD#)lTOl»^0fcA6Ji: 3 - 5 mm® □ 'y ^ iz^iftc. 
Ltc^^^m U ^ LT 5 0 %C0 2 0^4 5 ^ mmm0^m^^^Xf 1 5 % 
CD 2 0 iJm^mcom^(DmMT^h^^lHzmffzo 
[0 10 0] 

tDtf^-Dtco r^^r^^. W.'f^A 5-7 5 MmTS^ii^lc. I^5}5<?:/ W >^"-i: 
[0101] 

(5 0, 0 0 0) 0^^M^KUy'-lcCD5^ii^T^^;So clCDC-fcJi. ^VMl^^ 
[0 1 0 2] 

d:or. -mmmoMmimmtti^. zm-^izisi-^x. (20-4 

SjL/m) vKU^"^)i (^□P/tviUL.cfJ. 5~1 OSm%<DPLGA) {Z^ 

tS[U #fc^c!;tF?KUx'--c7)1 : 1 )I-i-^fe^?fML/co 2 5 M H z 5 5iP^a)li# 



(44) 



4tm2 0 0 2-5 2 7 1 4 4 



[0 1 0 3] 

■\zy bm^me om/'\--^y h0^'v^orco v'/U7<(ommw^mm ( 

compressive elastic m o d u f u s ) tis 5 0 G P a 
[0 1 041 

) 

^:cD|IMicfct^T. <K';^-*><fcl/U>^Z;^;l/v'::7Z^ (TCP) cDJ:3^i?; 
M^^^tJ 2 0(Dffim=&tb^Lfco -liCOmm^t. 3 5%N a C I ^^XJ2 : 
1 tb^O) PLGAjl^fTCP (35 %^?L14) U ; ffeT^ lis 4 5 % N a C I 

cfctf 3 : 1 tm(DP L G A>(>rT C P (4 5%^?L1t) T^o/co N a C ! :6^xM^ 

#-~iU5;Utfd*mMM (orbital shaker) Ol^T 

02l£*i■t^>>'V^^. 2 0ml cD7jCcj3i£:g^, ^LTI 0 0 r pm*5cl:t>3 7X 
Tv #--iU5 U><^x/\-rx (U. Stoneware. East Pal 
est i n e, OH) cfi. ^tdmmmmm (Model 3 5 2 7, L a 
Line Environ. Melrose Park, IL) ±<Dl''TtltHt 

[0 10 5] 



(45) 



#^2 0 0 2-5 2 7 144 



[0 10 6] 

mmz. 3 5 %©#?L'i4t^>7";l/tt. 1 7 6 ± 3 p p m(7)S o d i u m^^fvti 
( n - 3 ) . 5 PtP^^tC. 4 5 %0#?L14-9- > 0 . 5 ± 0 . 1 % 

(DSod i um>&§^^^ (n = 3) « Jntl^OSod i umliti. 0. 0 4%^ 

1 . 3 %cDN a c 1 mMmmmi^^om&^mtcmz^fUx^izt 

10 1 0 7] 

[^2] 



NaCl 




PLGA 
Ctt%) 


TCP 
(t.i.%) 


NaCl 


35% 




67 


33 








62 


28 


7,4 






69 


29 


. 0.04 


45% 


n*^ ■ 


75 


25 








57 


17 


22 






76 


22 


1.3 



(46) 



*ia20 0 2~5 2 7 1 4 4 



[0 10 8] 

M.mx^-Dtczt^TjkLrco miiz. Nac immis^if/i^rdmmK 
. N a c I i^^mmt^iz-Dtix, ymn a c I tip^< *j tm^Lnizt^Tskm 

[0 10 9] 

mmt. 3 5 % N a c I xv u 7.t)< 7 mmmi^±mtmm Ltc ; l*^ l. 4 

5%N a C I 9/UXXit. 7 mmomHi^mXt e> . N a C l mt^LTcZt 

^mmt^o mijowT-'JUxjKy^f-izisi^x. mmmit. }mmm^W(Dm 
xtmm-'Mx$>':>rco mmmtsim^iy^Mt. m^ 3%xm^tco zmts )S 
mti^^rtmK. 7Kf3<±x(D^n^^UH a c i tmm^ntdtrxh^tm 

aC SOymm (2. 1 7g,/cm3) 3b^7ic (1. Og/cm3) J:y±^L^i:LT 
[0 110] 



(47) 



1ia2 0 0 2~5 2 7 1 4 4 



4 5%w>7'vwcQi^Tf*2 3%T^So/co iij3gwesfei:/cN a c \ imm 

[01111 

zcommts Nac \mm^^u/'^rdmmt}\ mymmm^^'JtsL^. m 
\if,0mmmmt-nt^. ■^e>itmmmT^y'{i^i,t. ^^rsmnao^m^t'oiEm 

[0 112] 

p L G A. T c pjjcfcUN a c I ^^mt^^Tn^x<<yy^y h^aMfi!) 
mms ^(ommz^i^xm^Lrco ^i^/tL-PLGAtis as-isoium 

ie:e??^L/c2 4 2, 0 0 OMW (□«>' h D9715 7, Birmingham 
Polymer I n c. ) CD (8 5 : 1 5) □/KU^--??^o/co TCP ( 
nyh 95H0644, Sigma) 1 2 5~ 1 5 0 pmTS^/c/^'^^ 

B5>&p^i^T. 3 8'--^ 5 0 ijm(7)m^v--<xmmvmi\ ^LTys-iso 

tJm(Dm'?'V-<X0<^^J±^r^UaC \ {ay h 9 65 7 3 7, Fisher 

) ^fflt^fCo 

[0 1 1 3] 

a3(c5!jpLfc5 0CDE?^^ffimOT>3''/l/^z:»XLTv iiQeiUltttfc 

:&imi:t^tcmzmmLrc/i'yy^-~-^~~^m4{zmi^t^. i -'4(7)i§3^^^i* 
^^l5"^A^ffil^Tiliit. ^LT«^^*5-t^5^fi,i^B=&^l^Til3itTv mm 

mUBt^/co pTtg^ii^. American Society of Test 
i n g and M a t e r 1 a I s (A S TM) MMS^^jS^Lfcjbv t>t 



(48) 
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[0 114] 



^3 : ^u^um(Dm^0ti:!tnzj^m^h^D->-:fjua)mm 





NaO 


L-PLGA 


I m — 


iPLGA:TCP 


Bl 


25% 


50% 


25% 


2:1 


B2 


35% 


43% 


22% 


2:1 


B3 


35% 


50% 


15% 


3.3:1 


■ B4 


40% 


" 45% - 


15% 


3:1 


B5 


55% 


34% 


11% 


3:1 



^mv mtzt^mmizt^o ^y:f}\^^mmA^mi^T~myv yT-^ y^L 

[0 115] 



(49) 



!t#S 2 0 0 2- 5 2 7 1 44 







^Wi-v^ > : MIT 3D -f^Xy^f 


«lM/t~>f3 > Tftertforiii™ 


WiM: 1.2iJil/5^ 






^)1f-nmfi : 20psi 






>IS||B : 1 5 OMm 


7-r>e5P!iJ 2 5^im 


ISifSS : 200 iU m 


: 200 w m 







ts^'MCfynyzfll^^Ul.tc. I n s t r o n Testing m a c h i n 

e 4 2 0 1^. ^\owmmnmmm^<DW5(j>tcmmi^tc. Em^u 

>-V 7' (pneumatic grip) (I n s t r o n type 2712 

^— (e X t e n s i ome ter) (Instron, t)'^0^^^^ 

2 62 0-8 2 6. f$m+/-0. 2 5 4mm) ^ffil^T}fi:^Lfco MiiM 

fltsfjc^&mt LTtfm L/C. § i o!i U ?i*^^»rMa> \d-^mti tLZM,m LTc 
o ?lo5SyMm*i3ls:0^^■;^ii. iXTOMUT^o/co LO-5 0mm. L-9. 
5 3mm. T = 3. 2mm. R=12. 7mm. W=3. 14mm. H = 9. 5 

3 mmo 



(50) 



2002-527144 



(Emit) mmU^^s ASTM D6 9 5~-9 6»iC^^eoTt7ofco 

mtw^X7:Vim^t^yyi\^^mi'^Lru mmcDs ■o(j)m^^. ±iB©?io 

□ <:7#-§-2 5 0 1 - 1 0 7v TiWTykLMZ-Dl^Xitl 5 0 1 -0 8 5) o 0 
. 5mm/5^0MT\ 7 %t2 0%t(Dm<r)nt3i-1^VS.m^nz>tCo i^th 

[0 1 1 7] 

[^5] 













Naa(%) 1 7CP{%) |L-PLGA{%) 










25 23 50 


5.7*1.0 


200 *57 


13.5 iOJ 




i'S " ■' 15 50 


5,5 ±0.$ 


233 * 27 


13.7*0.8 


450 * 79 


35 2 L7 43.3 


3.3*0.4 


ISO i: 14 


6S±Q2 


184ii"2 


40 15 45 


4.0 *0J 


133*35 


7.0 ±0.9 


180 ±50 


55 11^ 33,75 


1.6 i 0.2 


83 ± 18 


2.5 to, I 


54* 17 












*"i (i^L-t'JtK-- a* *)'»'ovj I- 5' } (S5;i5)" 


1,6 


160 






tDL-^'Jf K"-..T^J a V F- ■) (SO-JiO)' 


41-55 


U80 -2,760 






(L-tL**s > 100,000 MW* 


50 


2,700 








~8 


700-1,000 


iO-20 






~100 


-15.000 


-150 




*n-3*ft»4 _ 



L~PLGA (85 : 1 5) 



12 0 0 2-527144 



■^^btl^o 2 5% NaCK 25% TCP. 5 0% L-PLGAlCOV 

=p^Vy) (85 : 1 5) 1 3 0, OOOMWfccfc^^K'J (L-ILM) l^:ot^T 
[0 1 1 81 

xSWmmin-KiE'^tz.) (3) TCP(DcfcUBt^iS5^^WT^Ii*t*. ?i:;bT 
iW*v E1iSS^^.T^t/c;^LT (4) TCP^Ma)Ji:^t*v fe>h^ 
[0 1 19] 

5%5b-6 5 5%tcii±1-^{uonT^ !S:^)fcJ:r;j±|g3t-J'iDi^:J^5bW>t"^o m 
0a^^:?5^MT1f Snfc (3 5% N a C I : 1 5% TC P : 5 0% P 
[0 1 2 0] 



(52) 



#^20 0 2-5 2 7 1 4 4 



m^^^Ss ;1^L-PLGA (8 5: 1 5) 242, 0 0 0 MW*°U^-~-(e:oI^ 

z(ommm'^mi:imi^3. pla/pcl (ss : is) 200, ooqm 
[0 1 2 1 J 

mit. mi^umm^^i:. t^-:>m7mmiz^mt^^oimmn^. plg 

^^tlSO^miz-Dl^TWrnLTco UU^=fMB (macroscopic s 

t a g g e r e d) f^ VT^/HiiiC0 2O0D^»6\ mmttiTc. COmmf- 

[0 1 2 2] 

/'\y^Atl-'t>tl^mM9/U7.(DZ:(0/^^y^it. L-PLA 2 7, 0 0 0 
M W (B i r m I n g h a m Polymers) iZMt ^mmmmm^mt 
1 : ^(Dttmo^D, L-PLGA (50:50) 5 0, OOOMW (B o e 
hrlnger fngeiheim) ^m^tco ZL^m^-mil'V-^Xit 

9 0 M%<7) N a C i fe^tJ^ 1 0 %(7) P L A - P L G A51^tlt*x Ml^HBm^ 



(53) 



#^2 0 0 2-527 1 4 4 



m^rMzmm^ntco z^miv^Xit. Nac iiM^+t-rx (zimt. io6 

-I SOmmT^^) <fcUt>:^#t^iIt3b^^a^^tl/co 3 7°CT4 8^f^7^-e 
^jU^yii-t}- (orbital shaker) ±T)iai Lfcmtc. Z.tie>(0 

tcBl^TMai*ti:^*^ofc (n = 5) . 
[0 12 3] 

4e) o Mtis il^DltcS^O. 6 7 5mmli(D13]>T-±iC^PP*;Ui:.^iia^ 

K (p r i n t bed) ^9 0° 015;^^^ ^{.TlE ^r^m^^^^^fZ^t 
o T U ■^~~14l»^f^ic cfc y BSt^M^=&ilF^-r § c: <h J: o T. SHxV U 

2±3 7 ^mv^^zitfi^mm^ntco eioz-^x^^^^tf-o^pit*. 2-b 

[0 1 2 41 

ilT®00^Sm^^^^¥a (Evans East. Plains boro 



ft* 2 002 -527144 



[0 12 5] 

[0 1 263 

(i^CD)i|]B) 

Ty-t-iiz'i^-DZ. ^^icmm-^ritco z:n^(Dy'juxit. $im-^ntcm%ft 

[0 12 7] 



(55) 



mm 2 0 0 2-5 2 7 1 44 



^ LT L - P L Mm^BT&^(DT\ zni=>(09'/UX[t. 

tli$^;Sjta)pi73^WL/co 5 3xa>:a^^x»;^itJ5ci;tFi ere (n==3) 

[0128] 

ymE.t})V-y^lx (C a P) . fccfcO-N a C I "e^^So N a C I ft^S^^x 
[0 12 9] 

^ A (C a r t i I a g e Batch A) tmm^^Jl^f^^-H^^mt^m 

^mmmi^xmnLTz. ^.^^^^(D^i^cD^mts m?ki:mtsxx}^miiiT. 

[0 13 0] 

1 6(D=^MB^^^)\/ (staggered channel)^. cltlS^D 

x/UXCD5^ □7-4^x^5^ ^^ffi5^5A/u/c; mo. 6 7 

SmmTOT^Us ^LT2. 0 5 mmOpB^H^^^ttfco 2^0^ A^^^/b^-. 3 
(iPil. 3 7 5mm. 1B^X}2. 0 5mm®PM=^?^W<:) izX-DT^m 

m^^y F (p owd e r bed) «D©S^pFtg{c t/co ^^J?^)^^^^./!/®^*. 
[0 13 1] 



(56) 



#^2002-527 1 44 



#<7>X'f X^^^^Lfco Z.CDi^-~^yXit. OTMUTSo/t: 3ji©3^li 

wi'wmm me) „ mm^^yy^mmL. ^LTStt^#>i?2ooMma)3-pi 

§^^^:IML/c {iii-'2 2) . 1 cma><7a~n~m(D7.7'y-y}U^. #*5J: 

?i3i:!^iicD2o©f$^T^ii(Dfc<!*tc'(^fflLfc. $>i^^^2'oa)m^(Dm^mt^m 

B (C a r t M a g e Batch B) iz^l^Tmm-^tl^mVOmtf^m 

mmr^z.t. n\:m\mx}y^)yT-4y^'^>jmtLfL m'M.a^m 

->i::^l^T) . Z.(nyu~hO^±.^^. k^TshyMVy^ (p i s t on 
housing) 0illcfBiiL/to 4 x 4E^fJtc|BSl^tl/c 1 eo^^^-Mt 
. 'Am. ejSmmmlDT^O. tLT2. 0 5 mmiinTM^^ttfCo 2 

(D9-^:^-Mzmi&,LrciS\ 'Am. 6 7 5mm£DiliJ5cfct>1. 9 0mmCDft-5-e 

[0 13 2] 

^^^^^^^^fvtc, c(D9/ux0mit. msmmmv^'j. ^LT±i^*n 
x>s/;u^ii^ LTji<D 4 mmtm^mm^^hfco z (Dmmm(D± 2 m 

T9 0° lEllELTt^fco 



(57) 



t§S2 0 0 2-5 2 7 1 44 



[0 13 3] 

[0 13 4] 

y^J >X'f v^/t^/™^- : ym : 1.2ml 
Ulf-/^- P : 1 8 p s i g 

>^^M)t : 12 5c m/# 

^ipi: 125jum 

/Hy^-^mM • 1 0 0%'i7PP tN/PA (Fisher S c i e n t i f 

I c) . 

[0 13 5] 

[^6] 



(58) 



#a 2 002-52714 4 





® 










%^ 














1-22 


NaCl 

L-PLGA (85:15) 
242,000 M.W 


55.0% 
33.8% 
11.2% 


125-150 iim 
3S-150 ixm 
38-106 m 


I cm 






L-PLGA (85:15) 
242,000 M.W 

L-PLA 27,000 M.W. 

D,L-PLGA (50:50) 
50,000 M.W 


30,0% 
2.5% 
2.5% 


lUO-iJU \im 
38-150 ^ra 
63-106 ^im 
63-106^ 






25-26 


NaCi 

L-PLOA (85:15) 
242,000 M.W 
L-PLA 27,000 M,W. 

D,L-PLQA (50:50) 
50,000 M,W 


15,0% 
5.0% 
5.0% 


106-150 (jm 
3 8-150 
63-106 pm 
63-106 iim 




4- 


27-28 


NaCl 

L-PLGA {85:15) 
242,000 M.W 

L-PLA 27,000 M>W. 

D,L-PLOA (50:50) 
50,000 M.W 


85.0% 
5.0% 
5.0% 
5.0% 


106-150 \m 
38-150 fim 
63-106 
63-106 jjm 




m 


29-38 


NaGl 

L-PLA 27,000 M.W. 
D,L-PLGA (50:50) 
50.000 M.W 


90.0% 
5.0% 
5.0% 


106-150 \im 
63-106 Jim 
63-106 }ira 





mmttL^^^m) ^col^T 90% n a c 1 0^«T^sofco 
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iK^r^'^^xom-^i^ (E^smm) it. imo9 4 9jw xj^v 
it. mmtsimmmti^^c. ^Lzmmmizitmmm^^ctzo moza^iyK 

[0 13 7] 

5. mmmmnim^mt^PLGA (50:50) cDii^^v ^lyaiiPLGA ( 
50:50) mLzmm^mmLTco 

6. 9 0 % N a C I ^'^tST'JUXit. 8 5% N a C I ^^ts^/X-iXj: U 

10. ^s^bL-PLA 1 4 1, 000 MW*><fc07 5%$/cii9 0% Na 
[0 13 8] 
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L-PLAii. 57--65X(Di3'^Xmm^m^mU tLZD, L-PLG 
A (50:50) its 4 5^5 5Timvmxmmt^Ctt)\ Ig^^^tlTl^ 
^0 1 : 10Jt0D, L-PLGA (50:5 0) 5 0, OOOiiL-PLA 

s i d u a I ) ^mt^^^tSo Z(D^nt^t^ a C j 3b-l{±ll^nT f^ofc 

^-^v ^0m-^-it. w^^miz'\z.dfm. ^(DT'/Hxif zoomii^yn-tT.o) 

[0 13 9] 

M.Z^-otco ^ : ^ (DttmcOD, L-PLGA (5 0:5 0) 50, OOOM 

w<i:L--PLA 27, oooMw^. z(Dm.-^mmizmmLrco zommm 

It. ZOmW^i^tf'^WWM^'VKs 8 5%~6 5%(DN a C I ^IB. 1 0%~ 
S%(D^ : 1 P LG A : P L ACD^IB. fccfctF 5 "/b—S 0 %(D L - P L G A ( 
8 5:1 5) 242, 000 MW0^iB^^A.:fco ZO^MM^s 5 5%a)N a 
C IfccfcOS : lOlt^cDPLGA (85:15) : T C P^ffll>T«L/co 

cO^^^-rVKX:^. 3 7T0^e^P B Sjgilfeff 71 ^ ^(Om^y^zt^- h LT 

s tjmm^^^^mmLtc. mmmi^tcmm{:R.mit. mm^nrst^-Drc. 

[0 140] 

■V^v/U (macroscopic staggered channel) 
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m<m-rsmmmmm^rL^o mmLz. z.0^mm9^'^^Mt. mmm 
^x(r)^mm^mm^it. iurfoi-Dom^iommz. =fmm^^^-^}U^m-^rs 

[0 14 1] 

(mmm9 : mmmwmmwt Lrmmt^tc^sb^^m (scaffold) 

) 

mimwt^tcisdcD. ^i^m^^m^m^rdt^w^'^'\i (b i o s t a b i e 
) ^Mm±zumLtco mit. ^oim. mm {9mi. ^m. mm. 
YXs i^tcimmMmyn) ts^umw m^Hs M^fc mfvtc. ^it^t^ 

iz-^ntc. X7^(y~y0^oiz^m^^xhi^tirc. ^rdt±m(D <^ viz 3 -oy 

}m) . m (xf-uvxu^^u-h) . m iE-tiyu^ypvy) . <ku 

-~~L~-%m.^tz\tt^') (D. L-5^^K=3^^U=1U K) /m (L-ILM) ^ 

. ne^^fctiibfitifc. ^m±zim\^tc.. mnl^tzMm^'0'\'^\z'^l'^z. 'Mn 
■^mm^zLtz {^n^ti. '^mm^5c^:l>B»ic•^l^T®. ^asiiMTTTiii 

ltfcJ;I/DN AMIt ; ^ U=l+t5y^ U:i^>tcoi^TCDDMMB7 y-bY ; 
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[0 14 2] 

^fSjiW\ ^LT^CDg±0^Wfccfcmi«. 7 5%ttmLT. 9 0%(D 

jmmm^tco T-mi^is^tfmB^^o (b r a d e) ^(Dmm^mm0-:^mt. 

[0 1 4 33 

mmm i o : mmmY^Lttm^mmm 
{t. #a# (osteochondral) miM^mmt^Tcmzmm-^riri^ 

[0 1 4 4] 
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fco (batch) 0P L L A^m^M^Ltco SJVy^C05t>. 40 

U ^tl^^n. *><l:^cr>?L^^^7 5%a<J;tf9 0%^Wf^s Bm^mtco ^6 

u I f ated) ^^'Jp-«t5y^^U:^7> (S~GAG) . isj:nzi^'-^y^m 
[0 14 5] 
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(p<0. 0 1) COmMitGAG mSb) fecfctf=3 5--^> (il6a) 

z(D9 o%^^mM.mm^T^mLrco z.aypG/Kziz/hu-)um§tmm 

<Xtis M7^<D?LPf^^^:-^l^T^ 2: 0:^M1iiy^©L^m (DNA. S-GAG 
[0 1 4 6] 

IC. IJlMIStt. c:cD7 5 %#|LMT h e r i F o r m^Ji^cfct^T. 

>5:t^ (p<0. 05) t^UVli^hU^X'&ttmLfco <J; U:^$l^?L+t-rX<73 

XCDJ«»\ Mlli^n/co eiwiiff^ti. a>s?<0M^fe<];mL+>-YXcDSiit\ 
[ill] 

mi} 
m4} 
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mAlts m (114 a~e) (Dm.^9/U:^ (114 f) (Dmmi:hV. 114 glc 
[05] 

tmSL (E15a-e) m-O^Mmmt^ (US f ) . 
[116] 

!El6att. 40(r)?L+tYX (3 8 S^P>5|57i. BS-SSS^PX 6 3~ 
1 0 6 5<7P>s 10 6-1 5 05<7P» CD1 OTOv ^^tD 9 0 7 
5%Ol^1'n;b^^DM^(7)lli[<hLTa)^'P^-^^ (pg) tD^^^^"7T^§o 

ll6bt*. 4O0?L-9-<X (3 8 5^P>^M. 38~635^PX 63- 
1 0 6 5 ^ P Vv 1 0 6- 1 5 0 H P >) 0 1 -OVO, 9 0 7 
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m <38 ii^ov 
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FIG. SB 



3->Hi-ii" (PGA) 
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[^ma] 2^1 0^1 6B (2 0 0 0. 1 0. 1 6) 

umn^mm^} mmm 
mjEM^mm^i 0122 
miEi5m mm 

[0 12 2] 

I^^y^/Kt l^t>tl^^M irf U7.<J>Z. Of L - P L A 2 7, 0 0 0 

MW (Birmingham Polymers) \>znt ^mmf^mM-^Mt 
1 : 1 COit(r>D. L-PLGA (50:5 0) 50, OOOMW (Boeh 
ringer i n g e I h e i m) %mXtzo s:a)<J?U^-mW-rXt*. 6 

3-1 os^mT^ofco mmmmmmt^PLQm. ccoT/wxoid 
mmmit. ,^vmi^^mt)mtL<^^jm^z.t^^MLrct-e>i:h^o 9om 

m%(OH a C I fccfcl^l 0%<OP L A-P LG A^^^I^Oti. El^lL»^1f^fc 

^iz^mtritc, cofi+f-^xti. Nac iiu^+KX izn^t. i oe-i s 

O^imT^^^) <i:V^iz^l^Z.tt)^^m^nrc.:, 3 7XT4 8mm:t-ki^)\y'y 
(orbital shaker) ±"e^Hi Lfc^tC^ Ztie>(D9JU 

X«s il^liCfct^T8. 3%^5ctOT•^^C^$l^T2 0%|?|/jNLfc. COxVX^ 

T^ail^n^A-ofc (n-5) . 
[¥^MiE2] 

[iiiExtm»iiS] mmm 
mmnmrnm^i 0123 
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[0 12 3] 

-y H (p r i n t bed) ^9 0° IsllS^^li. 'tLXte>rj:^mi^^^Z^tZ 
J: o T c: (DTK U -^--m^P^ic ^ U ?tl\^^^^^ilt-^ c: <h 1^ d; o T. «^xV U 
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